AHF = Acute heart failure ADHERE = Acute Decompensated Heart Failure National Registry BNP = B-type natriuretic peptide BUN = blood urea nitrogen CART = blassification and regression tree CI = bonfidence interval ED = emergency department HR = Hazard ratio ICU = intensive care unit IQR = interquartile range NT-proBNP = N-terminal pro-B-type natriuretic peptide Summary BACKGROUND: Simple tools for risk stratification of patients with acute heart failure (AHF) are an unmet clinical need, particularly regarding long-term mortality. METHODS: We prospectively enrolled 610 consecutive patients presenting to the emergency department with AHF. The diagnosis of AHF was adjudicated by two independent cardiologists. The classification and regression tree (CART) analysis was used to develop a simple risk algorithm. This was internally validated by cross-validation. RESULTS: One-year follow-up was complete in all patients (100%). A total of 201 patients (33%) died within 360 days. The CART analysis identified blood urea nitrogen (BUN) and age as the best single predictors of 1-year mortality and patients were categorised to three risk groups: high risk group (BUN >27.5 mg/dl and age >86 years), intermediate risk group (BUN >27.5 mg/dl and age ≤ 86 years) and low risk group (BUN ≤ 27.5 mg/dl). The Kaplan-Meier curves showed a significant increase in mortality in the high risk group compared with the lower risk groups (log-rank test p <0.001). The hazard ratio regarding 1-year mortality between patients identified as low and high risk was 2.0 (95% confidence interval, 1.7-2.4), with
Introduction
Heart failure (HF) is a major public health problem, especially in industrialised nations. Approximately fifteen million Europeans and North Americans suffer from HF and over one and half million new cases of HF are diagnosed each year [1, 2] . In addition, in patients older than 65 years HF is the leading cause of hospitalisation. HF is associated with high morbidity and mortality [3] . In contrast to chronic heart failure, risk stratification is poorly defined in acute heart failure (AHF) patients, particularly regarding long-term mortality [4] [5] [6] [7] . Early risk stratification in AHF patients may help clinicians to individualise treatment and manage decisions [8] . For example, many AHF patients identified to be at low risk could be discharged early from the emergency department (ED) and obtain outpatient treatment. On the other hand, high risk patients might benefit from a rapid transfer to the intensive care unit with more effective treatment options. However, the prognostic performance of single variables is weak in AHF [9] . Several prior studies have defined risk stratification models for in-hospital mortality in patients hospitalised with AHF [10] [11] [12] . Recently, a simple risk stratification scheme for the prediction of in-hospital mortality based on classification and regression tree (CART) analysis was developed by the Acute Decompensated Heart Failure National Registry (ADHERE) [10] . It was unknown whether a similar approach would allow the prediction of mortality beyond the in-hospital period. Therefore, the purpose of this study was to examine the utility of a simple algorithm in unselected AHF patients regarding 1-year mortality.
Methods

Setting and study population
The study population consisted of consecutive patients with AHF presenting to the ED, University Hospital of Basel (Switzerland) Detailed data were collected from initial presentation at the ED until discharge, transfer or in-hospital death. Patients with cardiogenic shock or end-stage kidney disease (defined as serum creatinine levels of more than 250 μmol/l in the first series and by haemodialysis in the second period) were excluded, as these patients are already known to be at a high risk of death [13, 14] . The study was carried out according to the principles of the Declaration of Helsinki and approved by the local ethics committee. Written informed consent was obtained from all participants.
Adjudication of the AHF diagnosis
Two independent cardiologists reviewed all medical records pertaining to the patient (including B-type natriuretic peptide (BNP) levels, chest X-ray, medical history, echocardiography, cardiac catheterisation, pulmonary function test, CT scan, right heart catheterisation, hospital course, response to therapy, and autopsy data for those patients who died in-hospital) from the time of ED presentation to the results of the 90-day follow up. Cases of disagreement were resolved in conjunction with a third cardiologist. For the diagnosis and classification of AHF, the guidelines of the European Society of Cardiology were interpreted as a continuous variable to make best use of the information provided by this test [1] . Absolute BNP values were adjusted for the presence of both kidney disease and obesity to maximise diagnostic accuracy [15] .
Clinical evaluation and follow-up
Patients underwent an initial clinical assessment including clinical history, a physical examination, an electrocardiogram, pulse oximetry, blood tests including B-type natriuretic peptide (BNP) measurement and a chest X-ray. Echocardiography and pulmonary function tests were performed according to the treating physician. Patients were contacted for follow-up via telephone by trained researchers at 90, 180 and 360 days after discharge. Regarding mortality data, referring physicians were contacted or the administrative database of respective hometowns were reviewed if necessary. A one year follow-up was completed in 100% of patients.
Risk model development
We performed CART analyses, as a multivariate statistical technique, to identify the best predictors of 1-year mortality and develop a risk stratification model. The CART method allows the construction of an easily interpretable decision tree that can be applied in clinical practice. As a first step, the CART model calculates parameters with cut-off points, which differentiate optimally between the study groups. These cut-offs split the data into constituent groups. In a second step, parameters are calculated, which offer the best further differentiation between the subgroups. Thereby a tree is created, whose branches are the various groups and subgroups. The CART analysis stops branching until no further significant splits are found or the subgroups become too small. In a final step, the results are displayed in a binary structure, which is pruned as necessary [16, 17] . A total of 38 potential clinical and laboratory variables of interest, inclusive of BNP and NT-pro BNP, were adapted in the CART analysis. The variables were collected from 150 registered variables in the cohort. The selection of variables was carried out on the one hand by clinical importance and on the other hand by risk factors, which had already been identified in previous published studies [18] . Based on the detected predictors for 1-year mortality, patients were classified into risk groups. From these risk groups a regression tree was developed and differences regarding 1-year outcome were analysed. The predictive value of this model was then assessed by determination of hazard ratio (HR) and 95% confidence intervals (CIs) between all risk groups. Finally, the risk stratification tree was internally validated by cross-validation.
Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) or medians (with interquartile range) and categorical variables as numbers and percentages. Comparisons between groups were made using the Student's ttest, Chi-square test, Mann-Whitney U Test, Wilcoxon test and Kruskal-Wallis test as appropriate. Correlations among continuous variables were assessed by the Spearman rankcorrelation coefficient. In the 2-sided test, a p-value <0.05 was regarded as significant. To determine the best cutoff of clinical variables in risk groups, CART analyses were applied. The predictive value of this model regarding 1-year mortality was checked by the application of mortality HR and 95% CIs between all risk groups. Kaplan-Meier analysis cumulative survival curves, in which patients were divided into risk groups, were compared by the logrank test or χ² analysis. The likelihood-based 95%-confidence set for age and urea-threshold was used for the internal validation. All statistical analyses were performed using SPSS/PC Version 15.0 (SPSS Inc, Chicago, IL).
Results
Patient's demographics and characteristics
The baseline characteristics of the 610 patients presenting with AHF are described in table 1. Overall, the mean age was 82 years, and 46% of patients were women. A history of hypertension was present in 71% of patients, chronic kidney disease in 39% and chronic obstructive pulmonary disease in 25%. Diuretics (82%) were the most common oral chronic medication recorded at the time of presenta-
Figure 1
Risk stratification algorithm of AHF patients regarding 1-year mortality. Risk groups: high risk group (BUN >27.5 mg/dl and age >86 years), intermediate risk group (BUN >27.5 mg/dl and age ≤86 years) and low risk group (BUN ≤27.5 mg/dl); each node is based on available data from patients presenting to the ED.
Figure 2
Mortality in patients with AHFD over time according to risk groups: high risk group (BUN >27.5 mg/dl and age >86 years), intermediate risk group (BUN >27.5 mg/dl and age ≤86 years) and low risk group (BUN ≤27.5 mg/dl).
Figure 3
Kaplan-Meier curves demonstrating cumulative survival in patients with AHF over time according to risk groups: high risk group (BUN >27.5 mg/dl and age >86 years), intermediate risk group (BUN >27.5 mg/dl and age ≤86 years) and low risk group (BUN ≤27.5 mg/ dl); p <0.001 by log-rank.
tion to the ED, followed by inhibitors of renin-angiotensinaldosterone-system (angiotensin converting enzyme inhibitors and/or angiotensin receptor blocker) (76%), and betablockers (61%). At 360 days, all-cause mortality was 33%. Survivors differed from non-survivors in several baseline characteristics including lower age, lower prevalence of chronic kidney disease, higher systolic and diastolic blood pressure, and several laboratory values. Plasma levels of blood urea nitrogen (BUN) on admission were significantly lower in survivors than in non-survivors. The same finding was observed for serum creatinine, BNP and NT-pro BNP (all p <0.01) (table 1).
Risk group stratification
For 1-year mortality in AHF patients, 38 clinical variables were evaluated (table 2). The median length of followup was 380 days. In the study cohort, 100% of subjects had complete data and were included in the analysis. BUN and age could be identified by CART analysis as the most important risk relevant parameters, while BUN was the strongest predictor. Patients were categorised according to three risk groups: high risk group (BUN >27.5 mg/dl and age >86 years), intermediate risk group (BUN >27.5 mg/ dl and age ≤86 years) and low risk group (BUN ≤27.5 mg/ dl) ( fig. 1) . A total of 55% of the cohort could be stratified to low risk, while 29% were in the intermediate group and 17% were in the high risk group. In table 3, all patients' demographics and characteristics for each risk group are summarised. Compared to low risk patients, a history of chronic kidney disease was more common in the intermediate risk and high risk patient groups (p <0.01). The mean systolic and diastolic blood pressure was significant lower in the high risk group (p <0.01). In addition, mean values of in-hospital stay increased by the level of risk group (high risk: 18 ± 13; intermediate risk: 15 ± 11 and low risk: 13 ± 12 days; p <0.01).
Prediction of long-term outcome in risk groups
The CART tree with 1-year mortality data of each subgroup is depicted in figure 1 . Figure 2 illustrates an increase in mortality according to risk group and the time interval after hospital presentation. The figure clarifies that BUN and age, as predictors of long-term outcome, are also suitably applicable for risk assessment regarding in-hospital mortality, mortality at 30 days and mortality at 90 days. The Kaplan-Meier analysis according to the risk groups at presentation demonstrated lower one-year mortality in low risk (22%) and intermediate risk groups (37%) compared to the high risk group (63%) (Log-rank test p <0.001; figure 3). The HR regarding 1-year mortality between the high and low risk groups was 1.9 (95% CI, 1.7-2.2), between the high and intermediate risk groups it was 2 (95% CI, 1.5-2.7), and between the intermediate and low risk groups it was 1.7 (95% CI, 1.3-2.3), with statistically significant differences between all risk groups (p <0.001; table 4). We used cross-validation to internally validate the results. The likelihood-based 95%-confidence set for the age-and the urea-threshold is contained in the rectangular set defined by 25 mg/dl ≤ urea threshold ≤30.6 mg/dl and 76 years ≤ age threshold ≤96 years. Rehospitalisation for acute heart failure was analysed as a secondary endpoint. Among the
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26% vs. low-risk: 11%, p = 0.6).
Discussion
Early, rapid and accurate estimation of mortality risk in AHF patients is an unmet clinical need. We report five major findings from a large cohort of unselected AHF patients. First, mortality was progressive over the whole period of 360 days and was very high at 1-year (33%). Only a minority (8%) of AHF patients died during the initial hospitalisation. Secondly, CART analysis identified two simple and universally available variables as the most powerful predictors of death. BUN and age were the strongest predictors regarding 1-year mortality. It is interesting to note, that these simple variables even outperformed novel biomarkers including BNP and NT-pro BNP [19] [20] [21] . Thirdly, the definition of AHF patients at low, intermediate and high risk can performed by BUN and age even as early as at presentation to the ED. Fourth, this risk stratification algorithm developed for 1-year mortality is also well suited for the distribution of AHF patients into low, intermediate and high risk regarding mortality in-hospital, at 30 days and at 90 days. Fifth, our CART analysis extends recent findings from ADHERE that BUN is not only the most powerful predictor of in-hospital death but also of death within 1 year. These findings are of prime clinical pertinence, as predictors regarding long-term outcome are poorly defined. Several prior studies have already demonstrated high mortality in patients with AHF after hospital discharge. The all-cause mortality risk after hospitalisation has been reported to be as high as 11% at 30 days and 40-50% at one year [11, 22] . Furthermore, early risk stratification might help to specifically tailor medical therapies to the need of the individual patient. This of course is of particular importance in emergency medical practice. However, risk stratification has not been integrated into the scenario of AHF because of differences in the clinical decompensated patients and due to the complexity of risk models [23] .
Renal function is an important determination of clinical outcomes in cardiovascular disease [24, 25] . Patients with AHF have a reduction of renal perfusion pressure and an increase in water und urea reabsorption within hours and days. BUN reflects the acute change in renal perfusion, sodium and water retention and neurohormonal activation. In contrast, serum creatinine and creatinine-clearance are accurate measures of renal function under stable conditions [26] . Elevated BUN, as a better prognostic marker, may reflect the current worsening of the heart failure state in AHF patients [27, 28] . Furthermore, older age was independently associated with 1-year mortality risk. The increased risk of mortality in older patients with AHF has been observed in previous HF studies [29, 30] . Manifestation of AHF is apparently very frequent in the last year of life and mainly in patients above 80 years of age. Risk stratification may help in the earlier identification of patients hospitalised because of AHF for whom a hospice is an appropriate care option and could provide a better quality of life [31, 32] .
Our findings confirm and extend data from studies including selected patients with severe AHF, in recent randomised studies such as EFFECT and OPTIME-CHF, in that age and renal dysfunction are powerful predictors of longterm mortality [12, 13] . Both demonstrated the prognostic importance of an increase in BUN and older age as significant and independent predictors of death. Additional parameters have been correlated with mortality in AHF patients including gender, aetiology and history of heart failure, lower systolic blood pressure, comorbid conditions, serum 
Laboratory data
Positive Troponin (≥0.04 ng/ml)
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Swiss Med Wkly. 2011;141:w13259 sodium and biomarkers, such as BNP, NT-proBNP and troponin I and T [8]. However, thus far risk models have been complex issues and possessed limited clinical applicability. The CART regression tree is a simple method for risk stratification that is relatively easy to apply at the bedside.
Based on this schema the mortality risk can be estimated with patient's characteristics and laboratory parameters at presentation to the ED. Recently, ADHERE patient records were used to develop a risk stratification tree, based on CART analysis for in- Our findings highlight that some elements of the ADHERE algorithm may not apply globally due to the restricted transferability of the United States health care system. This is important because some other trials have already demonstrated that there are huge variations in mortality among countries with differences in health care structure, cultural background, and economic strength [33, 34] . One of the differences is the aetiology of decompensation. The majority of American patients hospitalised with AHF have evidence of systemic hypertension on admission [35] . As demonstrated by many descriptive studies, the aetiology of known heart failure in European patients was ischemic in most of the cases [36] . In addition, there are major differences in the length of hospitalisation of AHF patients in the United States and most of the rest of the world. The duration of hospital stay for AHF is longer in Asia, Europe, Australia, Canada, and South America compared to the United States [13, 37, 38] . This might have implications on in-hospital mortality, therefore we determined mortality at 360 days after hospital presentation. Finally, the ADHERE analysis was based on the subset of AHF patients selected for admission, while we recruited all AHF patients at presentation to the ED.
Limitations
Several limitations apply to this study. Firstly, all studies attempting to use a clinical diagnosis as gold standards for a syndrome have some limitations. Although the gold standard diagnosis was adjudicated by two independent cardiologists, misclassification remains a possibility because AHF is a clinical diagnosis and no gold standard exists. Secondly, we assessed all-cause mortality because classification of death in clinical practice can sometimes be difficult and unreliable [39] . Thirdly, data derived from a singlecentre study always need to be replicated in larger multicentre studies. The risk stratification particularly requires an external validation and bedside experience. However, our patient cohort was comparable to those examined in recent multicentre studies. Finally, patients with terminal kidney failure requiring dialysis were excluded from the analysis.
Conclusion
Our results suggest that standard measures available at the time of hospital presentation can provide important information for risk stratification in AHF. Based on BUN (as the strongest predictor regarding long-term mortality) and age, AHF patients can quickly and effectively be stratified to low, intermediate or high risk. Application of these simple values may help physicians as a bedside tool for a better management of AHF patients.
Figures (large format)
Figure 1
Risk Stratification Algorithm of AHF Patients regarding 1-year Mortality. Risk groups: High risk group (BUN >27.5 mg/dl and age >86 years), intermediate risk group (BUN >27.5 mg/dl and age £86 years) and low risk group (BUN £27.5 mg/dl); each node is based on available data from patients presenting to the ED.
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Figure 2
Mortality in patients with ADHF over time according to risk groups: high risk (BUN ≤;27.5 mg/dl and age >86 years), intermediate risk (BUN ≤27.5 mg/dl and age £86 years) and low risk (BUN ≤27.5 mg/dl).
Figure 3
Kaplan-Meier curves demonstrating cumulative survival in patients with ADHF over time according to risk groups: 1) high risk (BUN ≤;27.5 mg/dl and age >86 years), 2) intermediate risk (BUN ≤27.5 mg/dl and age £86 years) and 3) low risk (BUN ≤;27.5 mg/dl); p <0.001 by log-rank.
